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Description 

The invention described herein was made, in part, in the course of work under Grant Numbers Al 1 9042, CA 1 6858, 
CA 22736 and CA 13696 from the National Institute for Health, U.S. Department of Health and Human Services. The 
5 U.S. Government has certain rights in this invention. 

Background of the Invention 

Throughout this application, various publications are referenced by Arabic numerals. Full citations for these refer- 

io ences may be found at the end of the specification immediately preceding the claims. The disclosures of these publi- 
cations in their entireties are hereby incorporated by reference into this application to describe more fully the state of 
the art to which this invention pertains. 

immunochemical characterization of antibodies to alpha (1->6) dextran has given insights into the size and shape 
of the antibody combining site and the.nature of the interaction between antibodies and antigen. In this regard, it would 

75 be useful to correlate the immunochemical properties of the anti<Jextran antibodies with their primary structure. In the 
course of these studies, cDNAs from three monoclonal anti-alpha (1-^6) dextran hybridoma cell lines, 14.6b,1, 
5.54.4.24.1, and 19.22.1, were cloned (1) and the nucleotide sequences of the variable regions of the heavy chain 
(V H ) and of the light chain (V L ) determined (2) (see Table I on page 22 of this application). All synthesize an identical 
kappa light chain with the ^^-0X1 germline gene (3) rearranged to the Jkap^ segment and the heavy chains differ 

20 by only one or two amino acids in their complementarity-determining regions (CDRs). When compared to 14.6b.1, 
5.54.4.24.1 and 19.22.1 have an identical Thr Asn amino acid change at position 60 in the variable region of the 
heavy chain (V H ); 5.54.4.24.1 has an additional change (Ser -» Gly) at position 31 in complementarity-determining 
region 1 (CDR1). The changes in heavy chain sequence result in 5.54.4.24.1 and 19.22.1 having a (ten) 10 fold or 
greater reduction in their binding constant for both polymeric dextran and isomaltoheptaose (IM7) when compared to 

25 14.6D.1 (Table I). 

The Thr -» Asn change in 5.54.4.24 and 19.22.1 leads to the loss of a potential N-linked glycosylation site (Asn 
58 - Tyr 59 - Thr 60) present in 1 4.6b. 1 . One of the purposes of this study and the present invention was to determine 
whether this potential N-linked glycosylation site is glycosylated, and if so, whether the addition of carbohydrate to 
complementarity-determining region 2 (CDR2) affects the binding constant for dextran. It is difficult to demonstrate 

30 glycosylation of V H directly since both Immunoglobulin A (IgA) and Immunoglobulin M (IgM) isotypes are glycosylated 
within their C H 1 domains and carbohydrate present in Fd could be linked to either V H or constant region of the heavy 
chain (C H ). Fd is the product resulting from the chemical or enzymatic cleavage of the antibody and comprises the 
heavy chain of the variable region and the heavy chain of the constant region of the antibody. Therefore, the three V H 
regions have been transferred to the human I gG 4 constant region which is devoid of carbohydrate in its C H 1 domain. 

35 In this invention, the presence of carbohydrate is demonstrated to be within the V H of 14.6b.1. Comparison of the 
association constants for aglycosylated, tunicamycin treated and untreated antibodies shows that the presence of 
carbohydrate increases the apparent association constant (aKa) of 14.6b.1 for dextran. The effect on binding is unique 
to the carbohydrate present in V H since absence of carbohydrate from C H 2 does not change the aKa for dextran. 
By introducing into an antibody a carbohydrate recognition site for the attachment of carbohydrate, purification of 

40 the antibody can be enhanced because the carbohydrate is attached to the outside of the antibody and thus, is more 
accessible to binding by lectin (purification). 

In this invention, the carbohydrate content of an antibody may be modified by adding or deleting carbohydrate 
recognition sites in the constant region of the antibody. In so doing, effector functions of the antibody are modified. 
Carbohydrate recognition sites in the constant region can also serve as sites for labelling, e.g., radionuclides, such 

45 as 125 l. 

WO 88/07089 which has to be regarded as a prior art document under Article 54(3) and (4) EPC, discloses an 
antibody with an altered effector function, e.g. altered affinity for an effector ligand such as an Fc receptor (FcR) on a 
cell or the CI component of complement, which is produced by replacing at least one amino acid residue in the constant 
portion of the antibody with a different residue. 

50 Akolkar et al., J. Immunol. Vol. 1 38, p. 4472-4479, June 1 987 describe a not naturally occuring mouse monoclonal 

antibody having in the CDR2 part of its variable region of the hearing chain the glycosylation site Asn-Tyr-Thr which 
is a known carbohydrate recognition site. 

Morrison, et al, Clin. Chem., Vol 34/9, p. 1668-1675 disclose the production and characterization of genetically 
engineered antibody molecules wherein fragments containing C^2 domain, wherein carbohydrate addition signal had 

55 been removed, were cloned in myeloma and hybridoma cells. 
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Summary of the Invention 

The invention provides a method of modifying the carbohydrate content of an antibody which comprises adding 
to a constant region of the antibody a carbohydrate recognition site which does not naturally occur in such constant 
5 region of such antibody. 

Further, this invention provides a human antibody which does not occur in nature and which is characterized by 
the presence of a carbohydrate recognition site in a constant region of the antibody which does not naturally include 
such a carbohydrate recognition site in such constant region. 

Finally, this invention provides therapeutic agents derived from, and DNA encoding, the antibodies, of the invention 
io as well as sensitive methods for detecting the presence of substances in a sample, methods for recovering a substance 
from a sample containing the substance and for purifying such substance, and diagnostic test kits. . 

Brief Description of the Figures 

is Figure 1. Substitution of the genomic V H region with V H cDNA and isotype switch. A genomic EcoRI fragment 

containing the MPC11 H chain promoter, leader sequence, rearranged V region, and Ig enhancer (22) was cloned into 
the EcoRI site of a pBR322 derivative deleted of nucleotide 2065 through 29. Using cDNA produced from the anti- 
alpha (1-^6) dextran hybridomas (2), the V region of MPC11 was replaced by the anti-dextran V region by inserting, 
the Pvull-Pstl cDNA fragment into Pvull-Pstl cleaved MPC11 . The first four V H amino acids are derived from MPC11 , 

20 but are identical to those found in the three cDNAs (22). The EcoRI fragment containing the dextran V H was joined to 
a human lgG 4 constant region within the pSV2-gpt expression vector (23, 4). The coding sequences of the MPC11 
and cDNAgenes are shown as solid and hatched lines, respectively. The dotted boxes represent the coding sequences 
of the human lgG 4 constant region. The maps are not drawn to scale. 

Figure 2. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) analysis of immunoprecipitates obtained after pa- 
ss pain digestion of A) [ 35 S]-Met or B) [ 14 C]-gtucosamine labelled secreted Ig. Secretions of cells labelled in the presence 
of 15 micro Ci/ml of [ 3S S]-Met or 100 micro Ci/ml p 4 C]-D-glucosamine hydrochloride (24) were digested with papain 
(Sigma Chemical Co., St. Louis, MO) at 1:100 enzymerprotein ratio for four hours at 37°C. The reaction was stopped 
by addition of iodoacetamide to 0.03 M.. The Fc fraction and undigested antibody protein were precipitated by incubation 
with IgG Sorb (Enzyme Center, Maiden, MA). Antigen binding fragment (Fab) was precipitated from the supernatant 

30 using rabbit anti-human Fab or by insolubilized dextran (Sephadex® G75). Samples were reduced with betamercap- 
toethanol. (0.15 M) and analyzed using 5% SDS-PAGE (16). The heavy chains produced by the transfectant cell lines 
are as follows: THV8, V H 19.22.1; TJC8.5, V H 5.54.4.24.1; TKC3.2, V H 14.6b.1; all transfectants synthesize the alpha 
(1->6) dextran specific light chain. [^SJ-Met labelled and reduced Igs were used as markers. In Figure 2A the TKC3.2 
(Fab) and TKC3.2 samples were analyzed on a separate SDS-PAGE gel. 

3$ Figure 3. 12.5% Tris-glycine SDS-PAGE analysis of [^SJ-Met labelled transfectoma culture supernatants, immu- 

noprecipitated with rabbit anti-human Ig fragment constant region (Fc) antiserum following Concanavalin A (Con A) 
adsorption (as indicated) and/or tun icamycin treatment. Tunicamycin at a concentration of 8 microg rams/ml (Boeh ringer 
Mannheim, West Germany) was used to inhibit N-Linked glycosylation. Cells were biosynthetically labelled for three 
hours with [ 35 S]rMet in the presence of tunicamycin, the secreted Ig in the culture supernatant discarded, the cells 

40 washed with Ipco Modified Dulbecco's Medium (IMDM) medium twice; fresh tunicamycin and [^SJ-Met was added; 
and treatment continued overnight at 37°C. Samples were reduced with 0.15 M beta-mercaptoethanol prior to SDS- 
PAGE. The positions of the H and L chains are indicated. 

3A. Con A - sepharose adsorption of secreted transfectoma Ig. Lanes 1 and 6, untreated TKC3.2 (V H 14.6b.1) 
and THV8.3 (V H 19.22.1) secreted immunoglobulin, respectively Lanes 2 and 4, TKC3.2 unbound, and TK3.2 bound 

<s and eluted from Con A. Sepharose, lanes 3 and 5, THV8.2 unbound, and bound and eluted from Con A Sepharose. 

3B. Tunicamycin treated cell supernatants without or with Con A - Sepharose adsorption. Lanes 1 and 2, TKC3.2 
(V H 1 4.6b. 1 ) before and after tunicamycin treatment; lanes 3 and 4, TH V8. 3 (V H 1 9.22. 1 ) before and after tunicamycin 
treatment; lanes 5 and 6, tunicamycin treated TKC3.2 Con A supernatant and eluate, respectively; lanes 7 and 8, 
tunicamycin treated THV8.3 Con A supernatant and eluate, respectively. 

so Figure 4. Inhibition by soluble dextran of antibody binding to dextran coated ELISA plates. Percentage of antibody 

binding (ordinate) is plotted against dextran inhibitor concentration (abscissa). Plates were coated with 20 micrograms/ 
ml dextran. Native antibodies and antibodies aglycosylated by tunicamycin treatment were used; trace quantities of 
glycosylated Ig present in tunicamycin treated TKC3.2 was removed by adsorption to Con A Sepharose. 

Apparent binding constants were determined using the method of Nieto et. al. (25). In brief, the association constant 

ss for an antibody is defined as the reciprocal free ligand concentration necessary for occupancy of one-half of the antibody 
binding sites. If a fixed amount of antibody Ab is reacted with increasing amounts of free ligand on a plate coated with 
solid-phase antigen, the reciprocal of the free ligand concentration which causes 50% inhibition of binding to the plate 
is a function of the intrinsic Ka, i.e., the apparent affinity constant (aKa). 
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Calculation for the constant is carried out by interpolation of the inhibition curve assuming linearity near the point 
of 50% binding. The following experimental conditions have been employed to measure the aKa values. Corning mi- 
croliter plates were coated with 0.5 micrograms/ml or 20 micrograms/ml dextran B5T2 (high affinity and low affinity 
assay conditions, respectively). Bound immunoglobulin Ig was quantitated using anti-human IgG labelled with horse- 
5 radish peroxidase. 

Figure 5. General scheme for two primer site-directed mutagenesis. The Sal l-Bam HI fragment containing the IgG 
constant region exon is cloned into the M1 3 phage M1 3mp1 9 at the polylinker site. The positive-strand DNA template 
of the recombinant phage is prepared by the standard polyethylene glycol method. Two primers are used to produce 
the mutation, one the M1 3 sequencing primer, the other a 5' end-phosphorylated mutagenic primer with one nucleotide 
jo mismatched in the consensus glycosylation sequence. Both primers are annealed to the template at the same time. 
After primer extension and ligation, the mutant/wild-type-gapped heteroduplex is used to transform ELcoli host JM1 09. 

Detailed Description of the Invention 

is This invention provides a method of modifying the carbohydrate content of an antibody which comprises adding 

to a constant region of the antibody a carbohydrate recognition site or sites which does not naturally occur in such 
constant region of such antibody. This invention also provides a modified antibody so prepared. Numerous methods 
exist for introducing the carbohydrate recognition site into the antibody and are well known to those skilled in the art 
to which this invention relates. Addition of the carbohydrate recognition site to the antibody may be effected by site- 

20 directed mutagenesis of DNA encoding such constant region of the antibody. 

As used in the context of this invention, the term 'antibody' includes all types of antibodies including both human, 
non-human antibodies, and chimeric antibodies, both monoclonal and polyclonal antibodies, and all antibody isotypes, 
including the major classes of humoral immunoglobulin in humans, IgG, IgM, IgA, IgD, and IgE. In one embodiment 
of this invention, the antibody is a monoclonal antibody; in another, the antibody is a human antibody. 

25 This invention also concerns a human antibody, e.g., a human monoclonal antibody, which does not occur in nature 

and which is characterized by the presence of a carbohydrate recognition site in a constant region of the antibody 
which does not naturally include such carbohydrate recognition site in such constant region. The invention further 
provides DNA encoding such antibody. 

As used herein, the carbohydrate recognition site includes any specific amino acid sequence in an antibody to 

30 which a carbohydrate will specifically attach to the antibody. The presently best known such carbohydrate recognition 
site that is useful in accordance with teachings of the present invention, is the amino acid sequence: 

Asn - X - Thr/Ser 

35 

wherein X may be any amino acid and Thr/Ser indicates a threonine or a serine. Such a site or sites may introduced 
into the constant region of the antibody using methods well known in the art to which this invention pertains. See, for 
example, 'In Vitro Mutagenesis.' Recombinant DNA: A Short Course , J.D. Watson, et al. W.H. Freeman and Company, 
New York, 1983, chapter 8, pp. 106-116. A particularly useful form of in vitro mutagenesis, also well-known to those 

40 skilled in the art, is site-directed mutagenesis, which is described in Recombinant DNA: A Short Course and is exem- 
plified in the Experimental Details section which follows. 

Thus, the carbohydrate recognition site may be introduced into the antibody by modifying or mutating an amino 
acid sequence so that the desired Asn - X - Thr/Ser sequence is obtained. If the sequence has an asparagine, or a 
threonine or serine, then at the next position two amino acids removed, a corresponding threonine or serine; or an 

45 asparagine, may be introduced, respectively, in order to obtain the desired Asn - X -Thr/Ser sequence, so that the 
antibody will then bind carbohydrate to the antibody. 

This invention also concerns an antibody in accordance with this invention labelled with a detectable marker For 
example, the antibody may have a detectable marker attached to, or incorporated into, one or more of the amino acids 
or carbohydrate which comprise its structure. Such a marker may be any molecule or reagent which is capable of being 

so detected, such as a chromophore, a fluorophore or a radioactive moiety, e.g., 125 l. Additionally, the detectable marker 
may be an enzyme which catalyzes a reaction producing a detectable product, a chemiluminescent catalyst, biotin or 
a metal ion detectable by nuclear magnetic resonance. Other suitable detectable markers include ligands capable of 
binding to specific proteins which have been tagged with an enzyme, e.g., horseradish peroxidase. One example of a 
suitable ligand is biotin, which will bind to avidin or streptavidin. Another suitable ligand is a hemin molecule, which will 

55 bind to the apoenzyme portion of catalase. Those skilled in the art will be readily familiar with methods for attaching 
or introducing such detectable markers onto antibodies and for using antibodies which are so labelled. 

In still another embodiment, this invention provides a solid support to which an antibody according to the invention 
is bound. The solid support may be in the form of a column for chromatographic separations or may be a bed or plate 
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or the like for diagnostic application. The solid support may comprise, for example, silicaceous, cellulosic, plastic ma- 
terial, controlled pore glass, sepharose, cyanogen bromide- or DBM activated-paper, or nitrocellulose. 

The present invention additionally provides a method of modifying the biological effector function of an antibody 
which comprises modifying the carbohydrate content of the antibody using the method described hereinabove in which 

5 the carbohydrate content of the antibody is modified by adding to a constant region of the antibody a carbohydrate 
recognition site or sites. Biological effector functions of antibodies which may be so modified include such functions 
as the ability to bind F c receptor and the ability to activate complement. 

Where, according to this invention, a carbohydrate recognition site is to be introduced into, a specific region of the 
antibody, e.g., constant region, the altered or genetically engineered DNA is used to construct a complete antibody 

10 gene. In turn, the gene, i.e., DNA sequence, is introduced into an expression vector and subsequently expressed in 
an appropriate cellular environment. For antibody molecules containing carbohydrate, a eukaryotic cell is preferred. 
Those skilled in the art to which this invention relates will readily appreciate the well known techniques, by which such 
DNA sequences or genes are constructed, the manner of introduction into expression vectors, the types of vectors 
which are useful, and conditions and manner of expression in an appropriate cellular environment. 

15 The human antibody, e.g., human monoclonal antibody, may have a carbohydrate attached to such carbohydrate 

recognition site and in one embodiment of this invention, may be employed as a therapeutic agent when a therapeutic 
ligand such as an anticancer drug such as ricin A chain, radionuclides, e.g., 125 l, or other therapeutant is bound to 
such carbohydrate attached to such antibody. Such therapeutic agents may be used for example to treat immune 
system abnormalities or other disease states. Still in other embodiments, this human antibody is labelled, i.e., a label 

20 such as a detectable marker is bound to such carbohydrate attached to the antibody. 

This invention also provides a more sensitive method for detecting the presence of a substance or analyte in a 
sample, such as a human biological fluid sample, which comprises contacting the sample with an antibody directed to 
the substance. The antibody may be labelled with a detectable marker, e.g., a chromophore, a fluorophore or a radi- 
oactive moiety. Such an antibody as described hereinabove is one which does not occur in nature and which comprises 

25 a carbohydrate recognition site genetically engineered into a constant region of the antibody which does not naturally 
include a carbohydrate recognition site in such constant region. In this method the contacting is performed under 
conditions such that any substance or analyte present in the sample forms a detectable complex with the antibody and 
then detecting the presence of such complex and thus the presence of the substance. In one embodiment the antibody 
so employed is bound to a solid support of the type described hereinabove. 

30 The amount or concentration of the substance or analyte in the sample may also be qualified by determining the 

amount of complex formed, and thereby the amount or concentration of the substance or analyte, for example by 
comparison with a known amount of the substance or analyte. The quantitative determination of the amount or of 
complex formed by the substance and of the antibody directed to substance in a sample may be accomplished using 
methods which depend upon the identity of the detectable moiety but which are nevertheless in the well known art. 

35 Thus, if the detectable moiety is radioactive, a liquid scintillation counter may be employed. If the moiety is an enzyme, 
such as horseradish peroxidase in a standard assay, a spectrophotomer may be employed. If the moiety is fluorescent, 
a fluorometer may be used. One particularly useful approach involves florescent activated cell sorting by means of 
which the method may be conveniently, rapidly and accurately carried out. 

This invention still further provides a method of recovering a substance from* a sample containing the substance 

to which comprises contacting the sample with antibody directed to the substance. The antibody has been described 
hereinabove as one which does not occur in nature and which comprises a carbohydrate recognition site genetically 
engineered into a constant region of the antibody which does not naturally include a carbohydrate recognition site in 
such constant region. Contacting is effected appropriate conditions such that substance in the sample forms a complex 
with the antibody. The substance is then recovered from the resulting complex. In a further aspect, such a method is 

45 a chromatographic one in which the antibody is bound to a solid support packed into a column. 

This invention also contemplates a purification method for a substance which comprises recovering the substance 
from a sample containing the substance using the method, just described above, from a sample under conditions such 
that the substance is recovered in purified form. 

This invention yet further concern's a diagnostic kit comprising the antibody, described above, which does not occur 

50 in nature and which comprises a carbohydrate recognition site genetically engineered into a constant region of the 
antibody which does not naturally include a carbohydrate recognition site in such constant region. Additionally, this 
invention provides a diagnostic kit comprising such an antibody labelled with a detectable marker, such as a chromo- 
phore, fluorophore or radioactive moiety. The various methods for detecting the presence of a substance in a sample 
and for recovering a substance from a sample containing the substance are based upon the novel antibodies of this 

55 invention and the substances forming a complex, and are described more fully herein. 

The types of assays that are useful in the methods provided by the present invention are well known to those 
skilled in the art pertaining to this invention. Among such assays are liquid-phase assays, such as radioimmunoassays, 
and solid-phase assays, such as ELISA (Enzyme Linked Immunosorbent Assays) and the sandwich or IRMA (Immuno 
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Radio-Metric Assay) assay. With respect to the latter assay, a particularly useful immunometric assay is the "two-site" 
or "sandwich" immunometric assay technique disclosed by David, et al., U.S. 4,376,110, the contents of which are 
hereby incorporated by reference. Assay conditions such as time of assay, pH, temperature, ionic strength of the assay, 
are also known to those skilled in the art. A general description of such widely known assays and conditions are 
5 described in Laboratory Techniques in Biochemistry and Molecular Biology , vol. 1 3, Monoclonal Antibody Technology , 
A.M. Campbell, Elsevier, New York, 1986, chapter 2, "Assay Techniques," pp. 33-65. 

This invention is illustrated in the Experimental Detail Discussion section which follow. These sections are set forth 
to aid in an understanding of the invention but are not intended to, and should not be construed to, limit in any way the 
invention as set forth in the claims which follow thereafter. 

10 

EXPERIMENTAL DETAILS 
FIRST SERIES OF EXPERIMENTS 
is Materials and Methods 

Cloning and Expression of Chimeric Heavy Chains With variable Regions Derived From Anti-dextran Hybridomas. 

The expressed V H regions from the three hybridoma antibodies to alpha (1 ->6) dextran were joined to the human 
20 igG 4 constant region gene (Figure 1) and after transfection of D3, a cell line producing only the hybridoma specific 
light chain (4,5), directed the expression of an H chain which assembled with the endogenous light chain and was 
secreted (results not shown). The nucleotide sequence of the variable regions of the heavy chain (V H ) and of the light 
chain (V L ) were determined (2) (Table I). 
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To determine If the 14.6b.1 chimeric antibody contained carbohydrate in V H the molecule was fractionated into 
Fab and Fc by papain cleavage, then the molecules were reduced with beta-mercaptoethanoi, and analyzed on 5% 
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SDS-PAGE gels. Proteins were labelled with [^SJ-Met and the Fab precipitated using specific anti-Fab antiserum 
(Figure 2A). Transfectoma antibodies with V H derived from 5.54.4.24.1 and 19.22.1 cDNA clones (TJC8 and THV8, 
respectively) show comigration of their Fd and kappa light chains. In contrast in transfectoma antibodies whose H chain 
variable region is from 14.6b.1 (TKC3.2) the Fd portion migrates more slowly than the L chain. The reduced mobility 
of the I4.6b.1 Fd fragment is consistent with glycosylation of its V H . 

Toconfirm the presence of carbohydrate in the V H of 14.6b.1 , the secreted immunoglobulin was labelled with p 4 C]- 
glucosamine, Fab and Fc fractions were prepared and the products analyzed by SDS-PAG E (Figure 2B). As anticipated 
the kappa light chains do not contain carbohydrate and bands are absent. p 4 C]-glucosamine labelling of the human 
IgG Fc fragment was found which contains N-linked carbohydrate within its C H 2 domain (6). However, only TKC3.2 
(Fab) with its Fd obtained from the 14.6b.1 V H shows glucosamine labelling. The reduced intensities of the Fd bands 
relative to the Fc is probably due to poor recovery of the Fab fragment rather than incomplete glycosylation (7). In 
SDS-PAGE gels in which H chains could be resolved containing no, one or two carbohydrate moieties (Figure 3A), 
only one heavy chain band for TKC3.2 was found. 

Role of the Carbohydrate in the Antigen -Anti body Interaction. To examine the role of carbohydrate in antigen 
binding, the association constants for tunicamycin treated aglycosylated and untreated native anti-dextran transfecto- 
ma antibodies were determined. Although tunicamycin is a potent inhibitor of N-linked glycosylation (8), it is difficult to 
produce proteins completely free of glycosylated species. From reconstruction experiments it was apparent that even 
a trace contamination of high affinity antibody could dramatically increase the apparent binding constant for dextran 
of the low affinity antibody (data not shown). To avoid this Con A was used which binds high mannose and biantennary 
complex oligosaccharides (9) to separate unglycosylated from glycosylated immunoglobulin. Adsorption experiments 
showed that the carbohydrate in THV8.3 antibody (V H 14.6b.1) was not absorbed to Con A sepharose (Figure 3A, 
lanes 2 and 4). The residual TKC3.2 antibody seen in the Con A supernatant (lane 2) may reflect the inability to separate 
the Con A slurry completely from the culture fluid. 

Tunicamycin treatment of both TKC3.2 and THV8.3 antibodies resulted in an elect rophoretic mobility change con- 
sistent with the loss of carbohydrate from the H chain (Figure 3B, lanes 1-4). H chains which contain two, one and 
zero-N linked carbohydrate moieties (lanes 1, 3 and 2 or 4, respectively) can be resolved. The H chain bands of the 
untreated samples (lanes 1 and 3) appear homogeneous suggesting all H chains are uniformly glycosylated. From the 
lack of visible glycosylated H chain bands in lanes 2, 4 and 6 it was estimated that tunicamycin treatment results in 
greater than 97% deglycosylation of the immunoglobulin. Lanes 5 - 8 show the results obtained from Con A adsorption 
of tunicamycin treated immunoglobulin. Both the TKC3.2 (V H 14.6b.1) and THV8.3 (V H 19.22.1) aglycosylated anti- 
bodies were not bound by Con A (lanes 5 and 7). 

Having established that Con A adsorption could remove glycosylated contaminants from TKC3.2 tunicamycin treat- 
ed preparations, Con A absorbed material was next used for dextran binding studies. The results from one typical 
experiment are graphically illustrated in Figure 4. For the native TKC3.2 antibody (V H 14.6b. 1 ) 50% inhibition of binding 
to ELISA plates coated with 0.5 micrograms/ml or 20 micrograms/ml dextran was obtained when 1.2 micrograms/ml 
of dextran inhibitor was added. Carbohydrate depleted TKC3.2 antibody (V H 1 4.6b. 1 ) could not bind to 0.5 micrograms/ 
ml dextran coated plates (data not shown). Using low affinity binding conditions (microtiter wells coated with 20 micro- 
grams/ml dextran) the aglycosylated TKC3.2 (V H 14.6b.1) antibodies, and native THV8.3 antibody showed 50% max- 
imal binding when 18-24 micrograms/ml dextran B51 2 inhibitor was added. 

The apparent association constants for tunicamycin treated aglycosylated and untreated native anti-dextran anti- 
bodies are summarized in Table II. 



Table II 



45 


Apparent Binding Constants for Dextran B512. 


Hybridoma or Transfectoma Ab 


aKa (ml/g) a (Tabulated from Figure 4) 


aKa (ml/g) Calculated from Several 








Experiments 


so - 


14.6b.1 


n.d. b 


2.30 ± 0.1 x 10 6 (4) c 






(4.43x10 5 ) d 



55 



a Calculated from the reciprocal concentration of dextran B51 2 necessary to inhibit 50% of the maximal binding of antibody to dextran coated plates. 
The 1/[Dex]|5o concentration has been multiplied by a factor of 2 to give the final aKa value because dextran inhibitor and antibody were added to 
microtiter wells at a 1 :1 molar ratio. 
b Not determined. 

c The aka value represents an average obtained from the number of experiments indicated in parenthesis. The error for the sum of all the values is 

represented by the first standard deviation. 

d Determined using the affinity gel electrophoresis method. 
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Table II (continued) 


# 


Apparent Binding Constants tor Dextran B512. 


Hybridoma or Transfectoma Ab 


aKa (ml/g) a (Tabulated from Figure 4) 


aKa (ml/g) Calculated from Several 
Experiments 


1 Q 00 1 


n.d 


n.d 

(8.87 x 10 3 ) d 


TKC3.2 (-Tm) 


17 x 10 6 


1.68 ± 0.6 x10 6 (8)* 
(2.10) ± 0.3 x10 6 )9 (5) 


TKC3.2 (+Tm) Con A adsorbed 
THV8.3 («Tm) 


1.1 x 105 
1.0 x10 s 


1.18±0.04x10 5 (5) 
8.22 ± 3.6 XIOMIO)' 
(6.5±0.3x10 4 )9 (6) 


THV8.3 (+Tm) Con A adsorbed 


.8.3 X10 4 


1.09 ± 0.4 x10 s (4) 



a Calculated from the reciprocal concentration of dextran B512 necessary to inhibit 50% of the maximal binding of antibody to dextran coated plates. 
The 1 4Dex](5o concentration has been multiplied by a factor of 2 to give the final aKa value because dextran inhibitor and antibody were added to 
microtiter wells at a 1 :1 molar ratio, 
d Determined using the affinity gel electrophoresis method. 

e.f antibody concentrations were 0.8 microg rams/ml and 0.3 micrograms/ml, respectively. 

g Culture supematants were not from tunicamycin experiments. Antibody concentration was 1 microgramfal. 

To determine antibody concentrations culture supematants diluted into BBS (0.02M borate-buffered, 0.75% saline, 
pH 8.3) were bound to polystyrene microtiter wells (Corning, N. Y.) for three hours at 37°C. After blocking any unreacted 
sites with 1 % bovine serum albumin/0 05% Tween® 20 PBS (PBST S) for one hour at room temperature, the Enzyme- 
linked immunosorbent assay (ELISA) plates were washed with PBS/0.5% Tween three times, PBS once, and then 
bound Ig was quantitated by reaction with horse-radish peroxidase labelled anti-human IgG antibody and comparison 
to a human IgG standard of known concentration. Assay results have been reproducedat least three times. 

The binding constant of the carbohydrate depleted TKC3.2 antibody (V H 14.6b.1) was 14-15 fold lower than the 
native antibody. In contrast, carbohydrate removed from the Fc of THV8.3 (V H 19.22.1 ) did not affect the ability of the 
antibodies to bind antigen. All experiments except those noted were preformed using an antibody concentration of 1 
microgram/ml. A slight effect of antibody concentration on apparent aKa values was observed. The aKa values deter- 
mined using the inhibition ELISA were, in general 3-5 fold higher than those obtained by affinity gel electorphoresis 
but the differences in binding strength between antibodies were similar using the two assays. A 32-fold difference in 
binding affinity between the TKC3.2 (V H 14.6b.1) and THV8.3 (V H 19.22.1) antibodies was found, versus the 50-fold 
difference between 14.6b.1 and 19.22.1 reported previously (10). In summary it is clear that the presence of carbohy- 
drate within the anti-dextran V H region significantly affects its affinity for antigen, however, an additional contribution 
of the altered amino acids to the differences in binding cannot be ruled out. 

Structure of the Carbohydrate Moieties on the Heavy Chain. Finally, glycohydrolase Endo H was used to investigate 
the structure of the V H oligosaccharide. The di-N-acetylch itobiose linkage of high mannose core oligosaccharides found 
on newly synthesized IgG H chains is susceptible to Endo H cleavage (11), while processed complex carbohydrates 
are resistant to Endo H cleavage. H chains obtained from cell cytoplasms were hydrolyzed by Endo H (data not shown). 
In contrast, heavy chains from the secretions of both THV8.3 and TKC3.2 were unaltered by Endo H treatment. 

Potential Significance of Carbohydrate in Antibody Function. Antibodies are glycoproteins with all heavy chains 
containing at least one and frequently several N-linked carbyhydrate residues (1 2). The role postulated for carbohydrate 
found on the heavy chain constant regions includes solubilization of the H chain, facilitation of subcellular transport 
and secretion, promotion of assembly, and maintenance of immunoglobulin conformational features which contribute 
to effector functions (1 3). Carbohydrate can also be found within the V region of an antibody molecule. Fifteen percent 
of human myeloma light chains have carbohydrate within their variable regions. (14). In a study of 76 human IgG 
myeloma proteins, approximately 25% were shown to contain a carbohydrate moiety on the Fab fragment (15). The 
carbohydrate was linked to either the light chains or the Fd fragments, and in a few cases to both. 

Experimental Discussion 

In the present invention it has been directly demonstrated that the presence of carbohydrate in CDR2 of V H is 
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critical lor the high affinity binding of a monoclonal antibody specific for polymeric alpha (1->6)-dextran and from this 
it can be inferred that the carbohydrate also contributes to the increased affinity for IM7. Thus not only the specific 
amino acid sequence of the variable region, but also its carbohydrate moieties can determine the specificity and mag- 
nitude of the antigen -antibody interaction. 

5 In an earlier study Matsuuchi et aj. (1 6) isolated and characterized a spontaneously arising mutant of the myeloma 

J558 (IgA, lambda, anti-alpha (1->3) dextran) with decreased reactivity with polymeric dextran. The mutant differed 
from the wild-type in that it had increased amounts of sialic acid on the carbohydrate in its Fab region. Because the 
variable region of J556 does not contain the canonical carbohydrate addition sequence, the altered carbohydrate prob- 
ably resides within the CH t domain. The change in carbohydrate content was the consequence of the altered availability 

io of cellular enzymes involved in glycosylation. 

Labeta et al. have reported that the affinity of an anti-DNP antibody for hapten DNP-GABA-BSA was significantly 
increased after Endo H cleavage of the Fab carbohydrate (17). In contrast and in accordance with the present invention 
the absence of carbohydrate from the fragment antigen binding (Fab) of an antibody to alpha (1 ->6)-dextran decreased 
the affinity of the antibody for antigen. 

75 of great interest is the mechanism by which presence of an oligosaccharide attached to amino acids in the com- 

bining site of the antibody 14.6b.1 leads to increased Ka for both polymeric dextran and IM7. Both comparison with X- 
ray crystallographic studies of unrelated antibodies which predict that residues to which the carbohydrate is attached 
in V H should be exposed on the hypervariable loops and the Con A adsorption experiments of this invention, suggest 
that the V H oligosaccharide is relatively exposeditnd positioned at the surface of the Ig. Although sugar-sugar contacts 

20 between the two olibgosaccharides in CH 2 of the constant region have been documented (1 8), it is difficult to see how 
direct interactions could occur both with polymeric dextran and a site filling oligosaccharide, IM7. 

A more likely explanation for the effect of glycosylation is that the carbohydrate linked to amino acid 58 alters the 
conformation of the combining site. Such alterations might increase the accessibility of the threonine residue at position 
60 in the 14.6b.1 V H region so that it may contact the antibody more closely. Indeed, Feldman and coworkers have 

25 predicted from the hypothetical space-filling model of the V-region of the galactan-binding myeloma Ig J539 that H 
chain Thr residue 56 may contact galactan (19). The X-ray crystallographic structure of the 14.6b.1 Fab would aid in 
the understanding of how the presence of carbohydrate affects the topology of the combining site. 



30 



SECOND SERIES OF EXPERIMENTS 



Production of Antibodies With Altered Carbohydrate in Constant Region All four human IgG subclasses contain a 
consensus glycosylation sequence Asn-X-Thr/Ser (X - any amino acid) in the C H 2 domain. Several reports have indi- 
cated that this carbohydrate side chain is important for the effector functions of immunoglobulins, including Fc receptor 
binding and complement activation (22, 23). Site-directed mutagenesis was used to remove this carbohydrate addition 
35 signal from the C H 2 domain so molecules deficient in carbohydrate, could be produced for use in assessing the role 
of carbohydrate in biological functions. Until now, researchers have used lor this purpose immunoglobulins produced 
by cells grown in the presence of tunicamycin, an inhibitor of N-Iinked glycosylation. However, using that approach, 
only small quantities of protein could be produced, and it was difficult to assure that the resulting proteins were totally 
deficient in carbohydrate. 

46 Many different approaches exist for site-directed mutagenesis; one approach used in the present invention is 

illustrated in Figure 5 (24). The Sal l-Bam HI fragment containing the IgG constant region exon is cloned into the M1 3 
phage M1 3mp1 9 at the polylinker site. The positive-strand DNA template of the recombinant phage is prepared by the 
standard polyethylene glycol method. Two primers are used to produce the mutation, one the M1 3 sequencing primer, 
the other a 5' end-phosphorylated mutagenic primer with one nucleotide mismatched in the consensus glycosylation 

45 sequence. Both primers are annealed to the template at the same time. After primer extension and ligation, the mutant/ 
wild-type-gapped heteroduplex is used to transform E. coli host JM109. To distinguish mutants from wild type phage 
clones, colony hybridization is employed. Under low stringency hybridization conditions, both the mutant and the wild 
type phage hybridize with the mutagenic oligomer. When the stringency of the hybridization conditions is increased, 
e.g., by increasing the temperature at which the hybridized phage plaques are washed, the labeled mutagenic oligomer 

so remains hybridized with the mutant phage DNA but dissociates from the nonmutant phage DNA. Finally, the exact 
nucleotide change introduced into the immunoglobulin heavy chain must be confirmed by sequencing the DNA; the 
dideoxy method of sequencing is used (25, 26). The mutagenized gene is then transferred into an expression vector, 
where it can be used to direct the synthesis of an altered protein. This general approach can be used to introduce 
changes anywhere within the antibody molecule and may have particular application to the production of antibody 

S5 molecules with altered idiotypes. 

Using the method described in this section, antibodies deficient in constant region carbohydrate have been pro- 
duced. These exhibit altered effector functions: decreased ability to bind Fc receptors and activate complement. One 
(y 3 ) shows a decreased serum half -life in mice while the half life of the second fy) appears unchanged. 
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This approach could also be used to put additional carbohydrate molecules in the constant region. This could be 
useful when ligands are attached to antibodies via their carbohydrate. 
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Claims 

1. A method of modifying the carbohydrate content of an antibody which comprises adding to a constant region of 
the antibody a carbohydrate recognition site which does not naturally occur in such constant region of such anti- 
body. 

2. A method of claim 1 , wherein the addition of the carbohydrate recognition site to the antibody is effected by site- 
directed mutagenesis of DNA encoding such constant region of the antibody. 

3. A human antibody which does not occur in nature and which is characterized by the presence of a carbohydrate 
recognition site in a constant region of the antibody which does not naturally include such carbohydrate recognition 
site in such constant region. 

4. A human monoclonal antibody of claim 3. 

5. A human antibody of claim 3 having carbohydrate attached to such carbohydrate recognition site. 

6. A labeled antibody of claim 5, wherein the label is bound to such carbohydrate. 

7. A therapeutic agent comprising the antibody of claim 5 and a therapeutic ligand, the ligand being bound to such 
carbohydrate attached to such antibody. 

8. A modified antibody prepared by the method of claim 1 . 

9. DNA encoding the antibody of claim 3. 



Patentanspruche 

1. Ein Verfahren zum Modifizieren des Kohlenhydratgehalts eines Antikorpers, wobei das Verfahren cin Hinzufugen 
einer Kohlenhydraterkennungsstelle zu einem konstanten Bereich des Antikorpers aufweist, wobei diese Kohlen- 
hydraterkennungsstelle nicht naturlicherweise in einem derartigen konstanten Bereich eines derartigen Antikor- 
pers vorkommt. 

2. Ein Verfahren nach Anspruch 1 , bei welchem die Hinzuf ugung der Kohlenhydraterkennungsstelle zu dem Antikor- 
per durch eine stellengerichtete Mutagenese von DNA bewirkt wird, welche einen derartigen konstanten Bereich 
des Antikorpers kodiert. 

3. Ein menschlicher Antikorper, der nicht in Natur vorkommt und der gekennzeichnet ist durch das Vorhandensein 
einer Kohlenhydraterkennungsstelle in einem konstanten Bereich des Antikorpers," welcher nicht in naturlicher 
Weise eine derartige Kohlenhydraterkemungsstelle in einem derartigen konstanten Bereich aufweist. 

4. Ein menschlicher monoklonaler Antikorper nach Anspruch 3. 

5. Ein menschlicher Antikorper nach Anspruch 3, mit Kohlenhydrat. welches an einer derartigen Kohlenhydraterken- 
nungsstelle angebracht ist. 

6. Ein gekennzeichneter Antikorper nach Anspruch 5, bei welchem die Kennzeichnung an ein derartiges Kohlenhy- 
drat gebunden ist. 

7. Ein therapeutisches Mittel, welches den Antikorper nach Anspruch 5 und einen thcrapeutischen Ligand aufweist, 
wobei der Ligand an ein derartiges Kohlenhydrat gebunden ist, das an einem derartigen Antikorper angebracht ist. 

8. Ein modifizierter Antikorper, der durch das Verfahren nach Anspruch 1 hergestellt ist. 

9. DNA. den Antikorper nach Anspruch 3 kodierend. 
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Revendicattons ■— 

1. Proc6d6 de modification de la teneur en hydrate de carbone d'un anticorps comprenant i'addition a une region 
constante de Panticorps d'un site de reconnaissance d'un hydrate de carbone qui n'est pas naturellement present 

5 dans ladite region constante de Panticorps. 

2. Procede selon la revendication 1, dans lequel ('addition du site de reconnaissance d'un hydrate de carbone a 
Panticorps est effectu§e par mutag^nese dirigee de I'ADN codant pour ladite region constante de Panticorps. 

io 3. Anticorps humain n'existant pas dans la nature caracterise par la presence d'un site de reconnaissance d'un hy- 
drate de carbone dans une region constante de Panticorps qui ne comprend pas naturellement un tel site de 
reconnaissance d'un hydrate de carbone dans une telle region constante. 
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4. Anticorps monoclonal humain selon la revendication 3. 

5. Anticorps humain selon la revendication 3 pr6sentant un hydrate de carbone fixe" a un tel site de reconnaissance 
d'un hydrate de carbone. 

6. Anticorps marqu6 selon la revendication 5, dans lequel le marqueur est \\6 audit hydrate de carbone. 

7. Agent therapeutique comprenant Panticorps selon la revendication 5 et un iigandtherapeutique, le ligand 6tant lie 
audit hydrate de carbone Iui-m6me fix6 audit anticorps. 

8. Anticorps modifie prepare" selon le procedS de la revendication 1 . 

9. ADN codant pour Panticorps de la revendication 3. 



13 



i 



EP0359 096 B1 




Figure 1 
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